The Wisconsin Division of Health '1vst-gated mercury exposure in a 40 rold man, his 42-yiear-old wife, and rthir 2.5-year-old son. At the time of out ition, thee indiidual had 4bl levels ranging fito Health Laboratory using nitric acid digestion followed by a flow-injection atomic absorption method adapted from NIOSH S199 and S342 (7) . A scalp segment of the man's hair was analyzed by a private laboratory according to a similar protocol (method reference unavailable).
Case Findings
During March 1994, the Wisconsin Bureau of Public Health was contacted by a 40-year-old man who expressed concern about his family's exposure to mercury. He stated that a sample of his hair had been analyzed for toxic metals and found to have a high mercury content. He also said that he was experiencing sleep disturbances and had difficulty concentrating, and asked whether these symptoms might be due to mercury exposure. The caller was especially concerned about his 2.5-year-old son's exposure to mercury.
When asked about possible mercury exposure, the caller stated that his family regularly consumed three to four fish meals per week and asked whether the fish might contain unsafe mercury levels. He also wondered whether he should consider having his mercury-amalgam dental fillings removed. One week earlier, each member of this family had been seen by their physician. At that time, blood samples were collected for mercury analysis. It was recommended that the caller delay replacement of his dental amalgams until the results of the blood tests were available and an assessment of the family's mercury exposure was completed. A summary of the medical test results and personal information is shown in Table 1 .
Other than the sleep and concentration difficulties reported by the caller, none of the family members exhibited clinical symptoms of mercury toxicity. Venous blood samples contained mercury levels that ranged from 37 to 58 pg/L (normal, <5 pg/L), confirming recent exposure to this metal. Based on these results, the family was advised to stop eating fish and other seafood products until the source of their mercury exposure could be determined.
A personal interview and home inspection failed to identify any significant occupational or household sources of mercury exposure. Both adults were attorneys and had offices in separate buildings. Their single-family home was located in a residential neighborhood of a medium-sized city. The home was constructed in 1976, was in good condition, and had not been repainted or remodeled since the family purchased it 3 years earlier. Neither adult could recall using elemental mercury or mercury-containing products in the home.
A 25-year-old woman who was employed by the family as a daycare provider spent approximately 40 Kershaw et al. (9) and the fish consumption history provided by this family were used to esti- mate mercury levels in the seabass. These estimated values were compared to the actual mercury levels detected in the filets. Kershaw's study of the deposition and clearance of methylmercury identified a biological half-life of 52 days and determined that the ratio of hair and blood mercury levels ranged from 265 to 280. It also defined the relationship between the steady-state concentration of methylmercury in blood (B, pg/L) and the daily mercury intake (do pg) as:
where f is the fraction of daily intake deposited in the tissue compartment (5.9%), blood volume is 7% of body weight for adults (8% for children), tl/2 is the average biological half-life (52 days), and ln2 is the natural logarithm of 2 (0.693). By applying this formula to the fish consumption and clinical test data for this family, the concentration of mercury in the seabass was estimated to be between 0.4 and 0.8 mg/kg (Table 3) , which was similar to the levels detected in two samples of this fish (0.5 and 0.7 mg/kg) providing additional evidence to support the conclusion that the seabass was this family's principal source of mercury exposure.
Biological Half-Life Calculation (Fig. 1) (10) . The data points in this figure fall on a straight line indicating that excretion followed firstorder kinetics. Elimination rate constants of 1.1-1.2 x 10-2 per day were derived for the adults. Using the standard formula tl/2 = In 21k (11) these rate constants yielded biological half-lives of 58 and 63 days. These half-lives fall within the range of 39 to 67 days that was described by Kershaw et al. (9) .
Discussion
The family described in this case study was found to have elevated blood and hair mercury levels after they had consumed import- (4) . This guideline was based on a review of data from poisoning incidents that occurred in Minimata and Niigata, Japan, in which no symptoms of toxicity were observed in adults whose blood mercury levels were below 200 pg/L, and also based on a Swedish study by Skerfving (13) A -**-*~~~~~~~~~~~~~~~~I--pg/L. The agency used an uncertainty factor of 10 to derive an ADI of 30 jig. The FDA assumed that daily ingestion of 30 pg mercury was unlikely since, according to the Tuna Research Foundation (TRF) survey (14) , the average consumption of all fish among the fish-eating population of the United States was only 18 g/day; and daily consumption of species that contained high methylmercury levels was considerably lower. In their 1986 article, FDA scientists Tollefson and Cordle wrote, "If 11.53 g of swordfish with a mercury level of 1.5 ppm were consumed each day, and this would include over 95% of all swordfish eaters, the daily mercury intake would be 17.3 jig, still below the ADI of 30 pg" (15: p. 206 ).
All three members of the family described in this case study exceeded the average fish consumption rate of participants in the TRF survey. The father consumed an average of 113 g of fish per day-more than 6 times the TRF survey average. His wife and son consumed approximately 75 and 37 g of fish per day. Their estimated mercury intakes ranged from 9 pg/day for the child, to 31 and 52 pg/day for the mother and father, respectively. While no overt clinical symptoms were observed in these individuals, one adult complained of sleep disturbances and concentration difficulties. These symptoms are consistent with the neurotoxic effects of methylmercury exposure. The family was not evaluated for subclinical health effects such as memory and visual disturbances that have been associated with chronic exposure to low levels of methylmercury.
This case study provides support for the methylmercury uptake and excretion models developed by Kershaw et al. (9) and Skerfving (13) . In addition, this case demonstrates the failure of existing food safety regulations that were based on average fish consumption rates and body weights to protect individuals whose dietary habits and body weights fall outside of the normal range. The daily mercury intakes of both adults in this case study exceeded the FDA's ADI for mercury even though none of the fish in their diet exceeded the 1 mg/kg guideline set by that agency. The highest mercury level detected in any of the fish they consumed was 0.7 mg/kg, a level that is not uncommon in sport fish from many Wisconsin lakes or in predatory marine species such as tuna and swordfish. The "1994 Health Guide for People Who Eat Sport Fish from Wisconsin Waters" (16) recommends that women of childbearing age not eat fish that contain mercury levels above 0.5 mg/kg. Species listed in this advisory include walleye, northern pike, largemouth bass, and catfish from several inland lakes.
To prevent the public health risks that are posed by methylmercury-contaminated seafood and fish, federal and state agencies may be need to revise existing food safety guidelines. Based on our findings, it may be necessary to lower the concentration of mercury that is permitted in commercial fish to at least 0.5 mg/kg, the level advised for sport fish. It may also be prudent for the FDA to provide consumption frequency advice to commercial fish consumers.
